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DESCRIPTION 



ROTATIONAL PHASE DIFFERENCE DETECTING SYSTEM AND METHOD , 



AND MACHI NE OPERATING -STATE MONITORING SYSTEM AND METHOD 

TECHNICAL FIELD 

The present invention relates to a method and 
system for detecting a rotational phase difference and 
a method and system for monitoring an operating state of 
a machine, and more particularly to a rotational phase 
difference detecting method and system and a machine 
operating- state monitoring method and system which are 
capable of very accurately detecting a rotational phase 
difference between a plurality of rotating bodies with 
simple construction • 

BACKGROUND ART 

Fig. 8 shows an outline diagram of a color offset 
rotary printing machine (rotary press) for performing 
color printing on paper, film, or the like. In the color 
offset rotary printing machine, blue printing, red 
printing, yellow printing, and black printing are 
performed separately by a blue printing section 81, a red 
printing section 71, a yellow printing section 61, and 
a black printing section 51 , and color printing is performed 
while respective colors are being superposed. 



That is, during the time that printing paper 



93 is moving upward in the direction indicated by an arrow 
94, blueprinting, red printing, yellow printing , and black 
printing are performed sequentially by color printing 
rolls (blanket cylinders) 83, 73, 63, and 53. 

Plate cylinder (plate cylinders) rolls 82, 72, 
62, and 52 have blue, red, yellow, black printing plates 
on their cylindrical surfaces, respectively, and the 
plates are inked with blue, red, yellow, and black. While 
they are being rotated, the plate cylinder rolls 82, 72, 
62, and 52 transfer the respective inks on the printing 
rolls 83, 73, 63, and 53. The blue, red, yellow, and black 
inks transferred on the printing rolls 83, 73, 63, and 
53 are further transferred on printing paper 93, whereby 
color printing is performed. 

In this case, a roll drive motor 64 rotates the 
printing roll 63 and plate cylinder roll 62 of the yellow 
printing section 61 and the printing roll 53 and plate 
cylinder roll 52 of the black printing section 51 through 
a driving gear 65. A roll drive motor 84 rotates the 
printing roll 83 and plate cylinder roll 82 of the red 
printing section 81 and the printing roll 73 and plate 
cylinder roll 72 of the red printing section 71 through 
a driving gear 85. Note that there are cases where each 
of the color printing sections is provided with a roll 
drive motor for independently driving the printing roll 
and plate cylinder roll of each color printing section. 

In such a color off set rotary printing machine. 



high-speed and high-fine printing has been developed in 
recent years. However, there are cases where printing 
trouble called "double," or printing trouble called 
"out-of -register, " develops. In the printing trouble 
called "double, " inks to be transferred to the same point 
on the printing paper 93 are shifted from each other, and 
in the printing trouble called "out-of -register , " color 
shift occurs in each color. Therefore, preventing the 
printing trouble has been strongly demanded. 

It is conceivable that the printing trouble 
results from the rotational phase difference between the 
color printing rolls 83 , 73 , 63 , and 53 that occurs because 
of torsion vibration in the drive shafts, cutting and 
mounting errors in the driving gears 65 and 85, etc. It 
is therefore important to detect a rotational phase 
difference between the printing rolls with a high degree 
of accuracy and drive the printing rolls so that the 
rotational phase difference is eliminated. 

A conventional method such as that shown in Fig. 
9 has been proposed as a rotational phase difference 
detecting method for a printing roll system. This 
rotational phase difference detecting method is called 
a high-speed pulse clock method and utilizes the internal 
clock pulse of a color offset rotary printing machine, 
thereby detecting a rotational phase difference between 
printing rolls . 

In Fig. 9, black-and-white patterns 90 of about 



1 mm in pitch, for example, are provided on the outer 
peripheries of the printing rolls 73, 83. The 
black-and-white pattern 90 of the printing roll 73 is 
detected by an optical sensor 91 and the black-and-white 
pattern 90 of the printing roll 83 is detected by an optical 
sensor 92. Each of the optical sensors 91, 92 detects 
the black-and-white pattern 90, for example, by emitting 
light to the black-and-white pattern 90 and measuring the 
light quantity of the reflected light. 

In this case, an output pulse signal A 
corresponding to the black-and-white pattern 90 of the 
printing roll 73 is obtained from the optical sensor 91, 
and an output pulse signal B corresponding to the 
black-and-white pattern 90 of the printing roll 83 is 
obtained from the optical sensor 92. 

For example, phase differences Atl, At2, and 
At3 between the output pulse signals A and B are detected 
by use of an internal clock pulse signal of 10 MHz. Each 
of the phase differences Atl, At2, and At3 corresponds 
to the rotational phase difference between the printing 
rolls 73 and 83. Note that the accuracy of detection in 
this method is determined according to the pitch between 
the black and white sections of the pattern 90 and the 
frequency of the internal clock pulse signal. 

Since the accuracy of detection in the 
rotational phase difference detecting method shown in Fig . 
9 is determined by the pitch between the black and white 



sections of the pattern 90 and the frequency of the internal 
clock pulse signal, it is necessary to reduce the pitch 
between the black and white sections of the pattern 90 
and increase the frequency of the internal clock pulse 
signal, in order to raise the accuracy of detection. 
However, if the black-and-white pattern 90 of a small pitch 
being rotated at high speed is detected with a high degree 
of accuracy, the optical sensors will need to have high 
resolution and the rotational phase difference detecting 
system will become costly. 

The rotational phase difference detecting 
method shown in Fig . 9 also needs to calculate the rotational 
phase difference between the printing rolls 73 and 83 in 
consideration of the rotational speed of the rolls, after 
a phase difference between the output pulse signals A and 
B is detected. Because of this, a processor with 
high-speed performance is required for performing the 
calculation process at high speed and with a high degree 
of accuracy and makes the rotational phase difference 
detecting system costly. 

As the rotational phase difference detecting 
method for a roll system, in addition to the aforementioned 
method, there is a method of measuring the rotational speeds 
of two rolls with a laser Doppler speedometer and then 
converting the difference between the rotational speeds 
to a rotational phase difference. This method, however, 
requires calculation of integration when converting 



rotational speed difference to rotational phase difference 
and cannot obtain accuracy necessary for practical use. 

Accordingly, it is an object of the present 
invention to provide a rotational phase difference 
detecting system and a rotational phase difference 
detecting method which are capable of detecting a 
rotational phase difference between a plurality of 
rotating bodies with simple construction and a high degree 
of accuracy . 

Another object of the present invention is to 
provide an operating- state monitoring system and an 
operating- state monitoring method in which there is no 
need for a machine operator to monitor a machine at all 
times , and which are capable of lessening operator ' s labor, 
by employing the rotational phase difference detecting 
system and method. 

DISCLOSURE OF THE INVENTION 

To achieve the objects of the present invention 
mentioned above, there is provided a rotational phase 
difference detecting system for detecting a rotational 
phase difference between a plurality of rotating bodies, 
comprising a first rotating body with a first mark; a second 
rotating body with a second mark ; amark sensor for detecting 
the first mark; a first camera for imaging the second mark 
when the mark sensor detects the first mark; and a display 
section for displaying the second mark imaged by the first 



camera; wherein a rotational phase difference between the 
first and second rotating bodies is detected from a position 
of an image of the second mark displayed on the display 
section. 

According to the rotational phase difference 
detecting system of the present invention, a rotational 
phase difference between the first and second rotating 
bodies (a rotational phase difference between a plurality 
of rotating bodies ) can be detected by a simple construction , 
which comprises the mark sensor for detecting the first 
mark (reference mark), the first camera for imaging the 
second mark (image processing mark), and the display 
section for displaying the image of the second mark. In 
addition, since the second mark is imaged every time the 
first rotating body makes one revolution, there is enough 
time to process an image and therefore a rotational phase 
difference between the first and second rotating bodies 
can be detected with a high degree of accuracy. 

The rotational phase difference detecting 
system of the present invention may further comprise an 
actuator for driving the first camera and the optical system 
so that an optical axis of the optical system is 
approximately normal to a side surface of the second 
rotating body. 

According to the rotational phase difference 
detecting system of the present invention, the second mark 
(image processing mark) provided on the second rotating 



body can be imaged in a direction approximately normal 
to the second rotating body. Therefore, the position of 
the image of the second mark on the display section can 
be detected with a high degree of accuracy, and a rotational 
phase difference between the first and second rotating 
bodies (a rotational phase difference between a plurality 
of rotating bodies) can be detected with a high degree 
of accuracy . 

The rotational phase difference detecting 
system of the present invention may further comprise an 
arm which has the first camera and the mark sensor mounted 
on one end thereof and a predetermined weight mounted on 
the other end. In this case, the arm is mounted on a 
vibration removing table mounted on columns through an 
elastic body. 

According to the rotational phase difference 
detecting system of the present invention, the weight of 
the arm is balanced by a predetermined weight and mounted 
on the vibration-removing table, so vibration of the first 
camera and the mark sensor can be extremely reduced. 
Therefore, the second mark (image processing mark) can 
be imaged with stability and a rotational phase difference 
between the first and second rotating bodies (a rotational 
phase difference between a plurality of rotating bodies) 
can be detected with a high degree of accuracy. 

The rotational phase difference detecting 
system of the present invention may further comprise a 



second camera for imaging a third mark provided on the 
first rotating body when the mark sensor detects the first 
mark. In this case, the display section displays an image 
of the third mark imaged by the second camera. 

According to the rotational phase difference 
detecting system of the present invention, the third mark 
(reference mark) of the first rotating body and the second 
mark of the second rotating body are displayed 
simultaneously on the display section, so a rotational 
phase difference between the first and second rotating 
bodies can be easily grasped visually. 

In accordance with the present invention, there 
is provided a first machine operating- state monitoring 
system comprising the aforementioned rotational phase 
difference detecting system. The first machine 
operating- state monitoring system is used for monitoring 
an operating state of a machine by employing the rotational 
phase difference detecting system. 

In the first machine operating-state monitoring 
system of the present invention, the rotational phase 
difference detecting system comprises a rotational phase 
difference calculating section for calculating a 
rotational phase difference between the first and second 
rotating bodies, and a rotational phase difference 
deciding section for deciding whether or not the rotational 
phase difference computed by the rotational phase 
difference calculating section is a predetermined value 
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or greater. Also, alarm means is provided for output an 
alarm in response to a signal from the rotational phase 
difference deciding section. 

In addition, in the first machine 
operating- state monitoring system of the present invention , 
the rotational phase difference detecting system may 
comprise a rotational phase difference calculating section 
for calculating a rotational phase difference between the 
first and second rotating bodies, and the display section 
may display the calculated rotational phase difference 
in a time -series manner. 

In accordance with the present invention, there 
is provided a second machine operating-state monitoring 
system for monitoring an operating state of a machine 
provided within a factory by a factory-side system and 
a remote- side system connected through a transfer medium, 
wherein the factory- side system comprises the 
aforementioned rotational phase difference detecting 
system and alarm means for outputting an alarm; the 
remote -side system comprises a rotational phase difference 
deciding section for deciding whether or not a rotational 
phase difference detected by the rotational phase 
difference detecting system is a predetermined value or 
greater; and when it is decided by the rotational phase 
difference deciding section that the rotational phase 
difference is the predetermined value or greater, the 
remote-side system transmits a signal to the factory-side 
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system through the transfer medium, and the alarm means 
outputs an alarm in response to the signal. 

In accordance with the present invention, there 
is provided a third machine operating- state monitoring 
system for monitoring an operating state of a machine 
provided within a factory by a factory- side system and 
a remote-side system connected through a transfer medium, 
wherein (1) the factory-side system comprises a first 
rotating body with a first mark, a second rotating body 
with a second mark, a mark sensor for detecting the 
first mark, and a first camera for imaging the 
second mark when the mark sensor detects the first mark; 
(2) the factory-side system further comprises alarm means 
for outputting an alarm; (3) the remote- side system 
comprises a rotational phase difference calculating 
section for calculating a rotational phase difference 
between the first and second rotating bodies, based on 
information on the second mark imaged by the first camera, 
and a rotational phase difference deciding section for 
deciding whether or not the rotational phase difference 
calculated by the rotational phase difference calculating 
section is a predetermined value or greater; and (4) when 
it is decided by the rotational phase difference deciding 
section that the rotational phase difference is the 
predetermined value or greater, the remote-side system 
transmits a signal to the factory- side system through the 
transfer medium, and the alarm means outputs an alarm in 
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response to the signal. 

In accordance with the present invention, there 
is provided a fourth machine operating- state monitoring 
system for monitoring an operating state of a machine 
provided within a factory by a factory- side system and 
a remote- side system connected through a transfer medium, 
wherein (1) the factory- side system comprises a first 
rotating body with a first mark, a second rotating body 
with a second mark, a mark sensor for detecting the first 
mark, and a first camera for imaging the second mark when 
the mark sensor detects the first mark; (2) the factory- side 
system further comprises a display section; (3) the 
remote - side system comprises a rotational phase difference 
calculating section for calculating a rotational phase 
difference between the first and second rotating bodies, 
based on information on the second mark imaged by the first 
camera; and (4) the rotational phase difference between 
the first and second rotating bodies, calculated by the 
rotational phase difference calculating section, is 
transmitted from the remote-side system to the 
factory- side system through the transfer medium and is 
displayed on the display section in a time -series manner. 

In the aforementioned machine operating- state 
monitoring systems of the present invention, a print with 
a possibility of printing trouble is extracted by 
monitoring an operating state of a printing machine, and 
the plurality of rotating bodies are printing rolls. 
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In accordance with the present invention, there 
is provided a first machine operating- state monitoring 
method of monitoring an operating state of a machine by 
a rotational phase difference between a plurality of 
rotating bodies, comprising: an imaging step of imaging 
a second mark provided on a second rotating body by a first 
camera when a mark sensor detects a first mark provided 
on a first rotating body; and a rotational phase difference 
calculating step of calculating a rotational phase 
difference between the first and second rotating bodies, 
based on information on the secondmark imaged by the imaging 
step. 

The first machine operating-state monitoring 
method of the present invention may further comprise: a 
rotational phase difference deciding step of deciding 
whether or not the rotational phase difference calculated 
by the rotational phase difference calculating step is 
a predetermined value or greater; and an alarm output step 
of outputting an alarm when it is decided in the rotational 
phase difference deciding step that the rotational phase 
difference is the predetermined value or greater. 

In addition, the first machine operating-state 
monitoring method of the present invention may further 
comprise a display step of displaying the rotational phase 
difference calculated by the rotational phase difference 
calculating step on a display section in a time- series 
manner . 
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In accordance with the present invention, there 
is provided a second machine operating- state monitoring 
method of monitoring an operating state of a machine 
provided within a factory by a factory- side system and 
a remote- side system connected through a transfer medium, 
the monitoring method comprising the steps of: detecting 
a rotational phase difference by the aforementioned 
rotational phase difference detecting system provided in 
the factory-side system; transmitting information on the 
detected rotational phase difference from the factory- side 
system to the remote-side system through the transfer 
medium; deciding whether or not the rotational phase 
difference is a predetermined value or greater, based on 
the rotational phase difference information received by 
a rotational phase difference deciding section provided 
in the remote -side system; transmitting a signal from the 
remote-side system to the factory- side system through the 
transfer medium when the phase difference deciding section 
decides that the rotational phase difference is the 
predetermined value or greater; and outputting an alarm 
by alarm means provided in the factory- side system when 
the signal is received. 

In accordance with the present invention, there 
is provided a third machine operating- state monitoring 
method of monitoring an operating state of a machine 
provided within a factory by a factory- side system and 
a remote-side system connected through a transfer medium. 
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the monitoring method comprising the steps of: imaging 
a second mark provided on a second rotating body by a first 
camera provided in the factory-side system when a mark 
sensor provided in the factory-side system detects a first 
mark provided on a first rotating body; transmitting 
information on the imaged second mark from the factory- side 
system to the remote-side system through the transfer 
medium; calculating a rotational phase difference between 
the first and second rotating bodies, based on the 
second-mark information received by a rotational phase 
difference calculating section provided in the remote- side 
system; deciding whether or not the calculated rotational 
phase difference is a predetermined value or greater, by 
a rotational phase difference deciding section provided 
in the remote- side system; transmitting a signal from the 
remote- side system to the factory- side system through the 
transfer medium when the phase difference deciding section 
decides that the rotational phase difference is the 
predetermined value or greater; and outputting an alarm 
by alarm means provided in the factory- side system when 
the signal is received. 

In accordance with the present invention, there 
is provided a fourth machine operating- state monitoring 
method of monitoring an operating state of a machine 
provided within a factory by a factory- side system and 
a remote-side system connected through a transf er medium, 
the monitoring method comprising the steps of: imaging 



a second mark provided on a second rotating body by a first 
camera provided in the factory- side system when a mark 
sensor provided in the factory- side system detects a first 
mark provided on a first rotating body; transmitting 
information on the imaged second mark from the factory- side 
system to the remote- side system through the transfer 
medium; calculating a rotational phase difference between 
the first and second rotating bodies, based on the 
second-mark information received by a rotational phase 
difference calculating section provided in the remote- side 
system; transmitting information on the calculated 
rotational phase difference from the remote- side system 
to the factory-side system through the transfer medium; 
and displaying the transmitted information on a display 
section provided in the factory- side system in a 
time -series manner. 

In the aforementioned machine operating- state 
monitoring methods of the present invention, a print with 
a possibility of printing trouble is extracted by 
monitoring an operating state of a printing machine, and 
the plurality of rotating bodies are printing rolls. 

According to the machine operating- state 
monitoring systems and methods of the present invention, 
when a rotational phase difference between a plurality 
of rotating bodies is a predetermined value or greater, 
either an alarm is output from an alarm device, or the 
rotational phase difference is displayed on a display 



section in a time-series manner. Thus, the machine 
operator does not need to monitor a machine at all times 
and there is an advantage that operator's labor can be 
lessened. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described in 
further detail with reference to the accompanying drawings 
wherein : 

FIG. 1 is a block diagram of a rotational phase 
difference detecting system of a first embodiment of the 
present invention ; 

FIG. 2 is a block diagram of a rotational phase 
difference detecting system of a second embodiment of the 
present invention ; 

FIG. 3 is a construction diagram of a measuring 
section in the embodiment of the present invention; 

FIG. 4 is a construction diagram of a fine 
adjustment actuator in the embodiment of the present 
invention; 

FIG. 5 is a schematic diagram for explaining 
a conventional method of correcting for positional shift 
when there is out -of -register ; 

FIG. 6 is a schematic diagram showing the entire 
construction of a machine operating- state monitoring 
system according to a third embodiment of the present 
invention ; 
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FIG. 7 is a schematic diagram showing the entire 
construction of a machine operating- state monitoring 
system according to a modification of the third embodiment ; 

FIG. 8 is a diagrammatic diagram of an offset 
rotary printing machine; and 

FIG. 9 is an explanatory diagram of a 
conventional phase difference detecting method. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the present invention will 
hereinafter be described with reference to the drawings. 
However, the embodiments are for the purpose of 
illustrating the present invention only and not for the 
purpose of limiting the scope of the present invention 
as set forth in the appended claims. 

(Explanation of Method and System for Detecting 
Rotational Phase Difference) 

Fig. 1 shows a block diagram of a rotational 
phase difference detecting system of a first embodiment 
of the present invention. As an example, a rotational 
phase of a printing roll (blanket cylinder) 11 is detected 
with a printing roll 13 (blanket cylinder) as reference. 

As shown in Fig. 1, a rotational phase difference 
detecting system 15 of the first embodiment has a measuring 
section 5, an image processing section 6 for processing 
an image signal output from the measuring section 5, and 
a display section 7 for displaying an image of an image 
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processing mark 10. The measuring section 5 includes a 
microlens 1, which is an optical system, for restricting 
an imaging range to a predetermined range; a charge -coupled 
device (CCD) camera 2 for imaging an image processing mark 
10 through the microlens 1 ; a stroboscope 3 for irradiating 
light to the image processing mark 10 through the microlens 
1; and a mark sensor 4 for detecting a reference mark 12 
provided on the printing roll 13. 

In the case where a rotational phase of the 
printing roll 11 is detected with the printing roll 13 
as reference, as described above, the reference mark 12 
(first mark) is provided on the printing roll 13 and the 
image processing mark 10 (second mark) is provided on the 
printing roll 11. Note that the reference mark 12 is, 
for example, reflection tape for reflecting light and the 
image processing mark 10 is black tape. 

The mark sensor 4 has a light -emitting element 
such as a light -emitting diode, etc. , and a light -receiving 
element such as a photodiode, etc. The light -emitting 
element of the mark sensor 4 always emits a beam of light 
to the printing roll 13. When a rotational phase of the 
printing roll 13 reaches a predetermined value, the light 
is reflected by the reference mark 12 . The reflected light 
is received by the light -receiving element of the mark 
sensor 4 . 

The mark sensor 4 outputs a detection signal 
to the image processing section 6 when the sensor 4 detects 
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the light reflected from the reference mark 12 . The image 
processing section 6 outputs an emission signal to the 
stroboscope 3 in synchronization with the detection signal 
from the mark sensor 4. The stroboscope 3 emits light 
in synchronization with the emission signal and irradiates 
the light to the printing roll 11 through the microlens 
1. 

In this case, the printing roll 11 is always 
imaged by the CCD camera 2 through the microlens 1 . However , 
external light is intercepted so that it does not irradiate 
the imaging range of the printing roll 11. Therefore, 
only when light is emitted from the stroboscope 3, the 
image processing mark 10 can be imaged. 

The image signal obtained by the CCD camera 2 
is transferred to the image processing section 6, and the 
image is displayed on the monitor screen of the display 
section 7. Thus, the image processing mark 10 is imaged 
at a position where the mark 10 is located as the stroboscope 
3 emits light. However, since the stroboscope 3 emits 
light each time the mark sensor 4 detects the reference 
mark 12, a detected position 9 of the image processing 
mark 10 on the monitor screen is updated each time the 
printing roll 13 makes one revolution. 

Therefore, in the case where there is a 
rotational phase difference between the printing roll 11 
and the printing roll 13, the detected position 9 of the 
image processing mark 10 on the monitor screen is displaced 



from reference position 8 by a value L . This value L is 
equivalent to the rotational phase difference between the 
printing roll 11 and the printing roll 13. 

Note that the reference position 8 for the image 
processing mark 10 is , for example, a position of the image 
processing mark 10 at the time of the detection start of 
rotational phase difference, or at a predetermined 
reference time. The reference position 8 is set at the 
center of the monitor screen. Therefore, the lag or 
advance of the rotation of the printing roll 11 with respect 
to the printing roll 13 can be detected by the positional 
relationship between the detected position 9 of the image 
processing mark 10 and the reference position 8. 

Thus, according to the rotational phase 
difference detecting system 15 of the first embodiment, 
a rotational phase difference between the printing rolls 
11 and 13 can be detected with simple constitution. In 
addition, since the image processing mark 10 is imaged 
every time the printing roll 13 makes one revolution, there 
is enough time to process an image and therefore a rotational 
phase difference between the printing rolls 11 and 13 can 
be detected with a high degree of accuracy. 

Note that according to the rotational phase 
difference detecting system 15 of the first embodiment, 
a rotational phase difference between two printing rolls 
can be detected. Therefore, for instance, in the case 
where a rotational phase difference between the red 
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printing roll 73 and the blue printing roll 83 is detected 
with the blue printing roll 83 as reference, the reference 
mark 12 is provided on the blue printing roll 83 and the 
image processing mark 10 is provided on the red printing 
roll 73. 

In addition , if the reference mark 12 is provided 
on the blue printing roll 83 and the image processing mark 
10 on each of the red, yellow, and black printing rolls 
73, 63, 53, a rotational phase difference between the blue 
printing roll 83 and each of the red, yellow, and black 
printing rolls 73, 63, 53 can be detected with the blue 
printing roll 83 as reference, by a similar method of 
detection. 

Besides, when a rotational phase difference 
between printing rolls is detected by the rotational phase 
difference detecting system 15 of the first embodiment, 
high-quality color printing can be performed by feeding 
the rotational phase difference back to a system for driving 
the printing rolls and then correcting for the rotational 
phase difference. 

Fig. 2 shows a block diagram of a rotational 
phase difference detecting system of a second embodiment 
of the present invention. 

As shown in the figure, the rotational phase 
difference detecting system 15 of the second embodiment, 
as with the case of Fig. 1, detects a rotational phase 
of a printing roll 11 with a printing roll 13 as reference. 
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However, a printing roll 13 is provided with an image 
processing mark 40 (third mark) along with a reference 
mark 12 (first mark). 

Because of this, a measuring section 5 is 
provided with a microlens 1 , a CCD camera 2 ( first camera) , 
and a stroboscope 3 for imaging an image processing mark 
10 of the printing roll 11, and is further provided with 
a microlens 41, a CCD camera 42 (second camera), and a 
stroboscope 43 for imaging an image processing mark 40 
of the printing roll 13. 

In the rotational phase difference detecting 
system 15 of the second embodiment, the stroboscope 3 and 
the stroboscope 43 simultaneously emit light when a mark 
sensor 4 detects the reference mark 12 of the printing 
roll 13 . Then, the image processing mark 10 of the printing 
roll 11 is imaged by the CCD camera 2, and the image 
processing mark 40 of the printing roll 13 by the CCD camera 
42. The respective images are synthesized by the image 
processing section 6. The synthesized image is output 
to the monitor screen of a display section 7. 

In this case, the image processing mark 40 of 
the printing roll 13 is imaged at the timing where the 
mark sensor 4 detects the reference mark 12 provided on 
the same printing roll 13, so an image position on the 
monitor screen will not move. For this reason, the image 
processing mark 40 of the printing roll 13 can be used 
as reference position 8 on the monitor screen. 
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Thus, according to the rotational phase 
difference detecting system 15 of the second embodiment, 
the reference position 8 (image processing mark 40) of 
the printing roll 13 and the detected position 9 of the 
image processing mark 10 of the printing roll 11 are 
displayed on the same monitor screen. Therefore, a 
rotational phase difference between the printing rolls 
11 and 12 can be easily grasped visually. 

Fig. 3 shows a construction diagram of the 
measuring section 5 employed in the embodiment of the 
present invention . 

As shown in the figure, the measuring section 
5 is installed on a high-rigidity vibration -removing table 
21 to attenuate external vibration. The microlens 1 and 
mark sensor 4 of the measuring section 5 are directed so 
that they can detect the reference mark 12 or image 
processing mark 10 of the printing rolls 73, 83. 

The high-rigidity vibration-removing table 21 
is installed nearly horizontally through precision 
vibration -removing members 25 on columns 26 mounted on 
a floor. The vibration -removing member 25 is constructed 
of elastic body such as a damping coil, a spring, rubber, 
etc. For this reason, vibration that is transmitted from 
the floor to the measuring section 5 becomes extremely 
small, so a rotational phase difference between the 
printing rolls 73 and 83 can be detected with a high degree 
of accuracy . 



The measuring section 5 is also mounted on one 
end of a mounting arm 23 of high rigidity. The other end 
of the mounting arm 23 has a counter weight 24 having nearly 
the same weight as the measuring section 5. The mounting 
arm 23 is installed on the high-rigidity 
vibration -removing table 21 through a height adjusting 
plate 22. 

Thus, in the measuring section 5 of this 
embodiment, the weight of the mounting arm 23 is balanced 
by the counter weight 24 and installed on the high-rigidity 
vibration -removing table 21 , so vibration of the measuring 
section 5 can be extremely reduced. Therefore, the image 
processing mark 10 can be imaged with stability and a 
rotational phase difference between the printing rolls 
73 and 83 can be detected with a high degree of accuracy. 

Fig. 4 shows a construction diagram of a fine 
adjustment actuator that makes fine adjustments to the 
direction of the optical axis of the microlens 1 of the 
measuring section 5. 

As shown in the figure, the microlens 1 and the 
CCD camera 2 are driven by the fine adjustment actuator 
30 so that the image processing mark 10 provided on the 
printing roll 11 is imaged in a direction approximately 
normal to the printing roll 11. 

The fine adjustment actuator 30 drives the 
microlens 1 in a horizontal direction indicated with an 
arrow 34 by a motor 31 so that the microlens 1 is focused 



on the image processing mark 10. The fine adjustment 
actuator 30 also drives the microlens 1 in a direction 
of elevation indicated with an arrow 35 by a motor 32 and 
in a swivel direction indicated with an arrow 36 by a motor 
33 so that the optical axis 37 of the microlens 1 is 
approximately normal to the printing roll 11. Note that 
the fine adjustment actuator 30 is capable of positioning 
the optical axis 37 of the microlens 1 with a right-angle 
accuracy of 90 ± 0.075 degrees when the depth field of 
the microlens 1 is about 0.15 mm. 

Thus, according to this embodiment, the image 
processing mark 10 provided on the printing roll 11 can 
be imaged in the direction approximately normal to the 
printing roll 11, so the position of the image processing 
mark 10 on the monitor screen can be detected with a high 
degree of accuracy. Therefore, a rotational phase 
difference between printing rolls can be detected with 
a high degree of accuracy. 

(Explanation of a System and Method for 
Monitoring an Operating State of a Machine) 

In the embodiments above mentioned, 
incidentally, the rotational phase difference detecting 
systems are capable of detecting a rotational phase 
difference between printing rolls with a high degree of 
accuracy and driving the printing rolls to eliminate the 
rotational phase difference, in order to prevent printing 
trouble, called "double," in which the same color ink is 
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shifted and printed double, or printing trouble, called 
out -of -register, in which each color ink is shifted and 
printed. However, application of the rotational phase 
difference detecting system is not limited to this, but 
it can also be utilized in a system for monitoring an 
operating state of a machine. 

An operating state of a machine relating to 
printing quality has hitherto been monitored by the 
following methods (1) and (2): 

( 1 ) The f ir s t method is a method in which a machine 
operator takes out prints discharged from a printing 
machine periodically during printing, or as occasion 
demands, and evaluates the sampled prints; and 

(2) The second method is a method of monitoring 
an operating state of a printing machine by using an amount 
that a motor for driving each printing roll is controlled, 
as an index (i.e. , by using accuracy with which a motor 
is controlled, as an index). 

In the first method, however, it is necessary 
to discriminate and exclude a print with printing trouble 
from discharged prints when printing trouble has been found , 
and it takes substantial labor. In addition, depending 
on when samples are evaluated, there is also a possibility 
of overlooking a print which has printing trouble. 
Furthermore, even in the case where there is printing 
trouble, it is difficult to take a quick and appropriate 
measure to cope with the printing trouble, because the 
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cause of the printing trouble cannot be grasped even when 
a print with printing trouble is observed. 

In the second method, a rotating state of a 
printing roll for transferring ink on paper has not been 
directly monitored. Because of torsion in a drive 
transmission shaft or backlash in gears, there is a 
possibility that rotational phase difference will develop 
between a motor and a printing roll, and there is a strong 
possibility that printing trouble cannot be sensed with 
reliability. 

When there is printing trouble called 
out -of -register , incidentally, corrections can be made 
in the following manner. Each color mark is first printed 
on printing paper. Then, the printed mark is imaged, for 
example, by a camera 95 disposed at a position such as 
that shown in Fig. 5. Next, based on each color mark 
information obtained by the camera 95, a quantity of 
positional shift is detected and a quantity equivalent 
to the positional shift quantity is corrected at the 
printing roll side. 

However, in the case where printing trouble 
called out -of -register cannot be eliminated by corrections 
made at the printing roll side, it is difficult to take 
a quick and appropriate measure, because the cause of the 
out -of -register have not been specified. That is, as the 
cause of the out -of -register , there are various reasons 
such as a rotational phase difference between printing 
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rolls, paper expansion and construction, etc. However, 
since the cause cannot be specified, it is difficult to 
take a quick and appropriate measure in order to eliminate 
printing trouble called out-of -register . 

In addition, in the aforementioned method it 
is difficult to detect printing trouble called "double," 
because it is hard to detect a micro-density difference 
between the same color inks on paper being traveled. 

Hence, in a third embodiment of the present 
invention, in order to solve these problems, attention 
is directed to the fact that the cause of printing trouble, 
called "double" or out-of -register , is principally a 
rotational phase difference between printing rolls, and 
amachine operating-statemonitoring system is constructed , 
utilizing the rotational phase difference detecting system 
of each embodiment above mentioned. 

That is, the machine operating- state monitoring 
system is equipped with the rotational phase difference 
detecting system of each embodiment mentioned above. And 
the machine operating-state monitoring system is 
constructed so that it always monitors an operating state 
of amachine (rotating state of each printing roll) relating 
to printing quality by the rotational phase difference 
detecting system and outputs an alarm when a rotational 
phase difference between printing rolls reaches a 
predetermined value or greater . This can inform a machine 
operator that there is a possibility of printing trouble 
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called double or out -of -register . 

The machine operating- state monitoring system 
and method, utilizing the rotational phase difference 
detecting system, will hereinafter be described with 
reference to Fig. 6. 

The machine operating- state monitoring system 
according to the third embodiment, as shown in Fig. 6, 
is equipped with a rotational phase difference detecting 
system 15, and an alarm (alarm means) 19 for outputting 
an alarm in response to a signal from the rotational phase 
difference detecting system 15. 

The rotational phase difference detecting 
system 15 is equipped with a measuring section (measuring 
means ) 5 which includes a microlens 1 , a CCD camera 2 , 
and a mark sensor 4; a rotational phase difference 
calculating section (rotational phase difference 
calculating means) 16; a rotational phase difference 
deciding section (rotational phase difference deciding 
means) 17; and a display section (display means) 18. 

The measuring section 5 is constructed the same 
as that of the first embodiment. Therefore, when a 
reference mark (first mark) provided on a first printing 
roll (first rotating body) 13 is detected by the mark sensor 
4, an image processing mark (second mark) 10 provided on 
a second printing roll (second rotating body) 11 is imaged 
by the CCD camera (first camera) 2. 

Note that the measuring section 5 may be 



constructed like that of the second embodiment (see Fig, 
2). That is, an image processing mark (third mark) 40, 
along with a reference mark 12, is provided on a printing 
roll 13. And a microlens 41, a CCD camera (second camera) 
42 , and a stroboscope 43 are provided for imaging the image 
processing mark 40 . The stroboscope 3 and the stroboscope 
43 simultaneously emit light when the mark sensor 4 detects 
the reference mark 12 provided on the printing roll 13. 
With this arrangement, the image processing mark 10 
provided on the printing roll 11 is imaged by the CCD camera 
2 , and the image processing mark 40 provided on the printing 
roll 13 is imaged by the CCD camera 42. 

The rotational phase difference calculating 
section 16 calculates a rotational phase difference 
between the printing rolls 11 and 13, based on information 
on the image processing mark 10 imaged by the measuring 
section 5 (positional information in the case where an 
image signal is developed on memory: based on this 
positional information, an image is displayed on the 
monitor screen of the display section). That is, the 
rotational phase difference calculating section 16 is 
constructed so that it calculates a rotational phase 
difference between the printing rolls 11 and 13, based 
on the positional information of the image processing mark 
10 imaged with the measuring section 5. 

More specifically, the rotational phase 
difference calculating section 16 calculates a rotational 
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phase difference between the printing rolls 11 and 13, 
based on the positional information (detected-position 
information) of the detected position 9 of the image 
processing mark 10 imaged by the measuring section 5, and 
the positional information (reference-position 
information) of the reference position 8 of the image 
processing mark 10 being previously set. 

In the case where the measuring section 5 is 
constructed like the second embodiment (see Fig. 2), the 
rotational phase difference calculating section 16 
calculates a rotational phase difference between the 
printing rolls 11 and 13, based on the positional 
information (detected-position information) of the 
detected position 9 of the image processing mark 10 imaged 
by the measuring section 5, and the positional information 
(reference-position information) of the detected position 
(reference position 8) of the image processing mark 40 
imaged by the measuring section 5 . 

In this embodiment , the microlens 1 and the CCD 
camera 2 detect the image processing mark 10 when the mark 
sensor 4 detects the reference mark 12. Therefore, each 
time the mark sensor 4 detects the reference mark 12 (i.e. , 
each time the mark sensor 4 detects both the reference 
mark 12 and the image processing mark 10), a rotational 
phase difference between the printing rolls 11 and 13 is 
calculated. 

In this embodiment, the first printing roll 
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(first rotating body) 13 is used as a reference roll, and 
how much rotational phase difference the second printing 
roll (second rotating body) 11 (there are actually a 
plurality of rotating bodies, although not shown) has with 
respect to the rotational phase of the first printing roll 
11 is calculated as a rotational phase difference between 
the two printing rolls 11 and 13 . Among the printing rolls 
of the black printing section 51, yellow printing section 
61, red printing section 71, and blue printing section 
81, any printing roll can be used as a reference roll. 

The rotational phase difference deciding 
section 17 decides whether or not the rotational phase 
difference between the printing rolls 11 and 13 , calculated 
by the rotational phase difference calculating section 
16, has reached a predetermined value (threshold value) 
or greater. When, as a result of this decision, it is 
decided that the rotational phase difference has reached 
a predetermined value (threshold value) or greater, it 
is decided that there is a possibility of printing trouble 
such as double, out -of -register , etc. Therefore, the 
rotational phase difference deciding section 17 outputs 
a signal (which represents abnormality) to a display 
section 18, or the alarm device 19 of a carrier section 
102. 

In this embodiment, the rotational phase 
difference deciding section 17 outputs a signal when the 
difference between the rotational phase of the printing 
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roll (reference roll) 13 and the rotational phase of any- 
one of a plurality of printing rolls 11 has reached a 
predetermined value or greater. 

Note that the present invention is not to be 
limited to the rotational phase difference deciding 
section 17 mentioned above. For instance, the rotational 
phase difference deciding section 17 may output a signal 
when the rotational phase difference between the printing 
roll (reference roll) 13 and two printing rolls of the 
printing rolls 11 has reached a predetermined value or 
greater, or when the rotational phase difference between 
the printing roll (reference roll) 13 and all the printing 
rolls 11 has reached a predetermined value or greater. 

Particularly, when it decides that the 
rotational phase difference has reached a predetermined 
value or greater, the rotational phase difference deciding 
section 17 outputs a signal to the alarm device 19 of the 
carrier section 102 so that an alarm is output from the 
alarm device 19 when a print, formed from folded printing 
paper having a possibility of printing trouble, reaches 
the carrier section 102 . 

When the rotational phase difference deciding 
section 17 decides that a rotational phase difference 
between the printing rolls 11 and 13 has reached a 
predetermined value (threshold value) or greater and 
therefore decides that there is a possibility of printing 
trouble, the display section 18 displays that effect. 
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In this embodiment, that effect is displayed 
by the display section 18. However, in addition to this, 
the rotational phase difference detecting system 15 may 
have an alarm device to output an alarm. As the alarm, 
a light may be turned on, or on and off, or an alarm may 
be sounded. 

On the other hand, the alarm device 19 is provided 
in the carrier section 102 of a printing machine. That 
is, generally, in a printing machine, printing paper 93 
printed at a printing section 100 is sent to a folding 
machine 101, in which it is folded and produced as a print. 
The print is serially sent from the folding machine 101 
to the carrier section 102 and is stacked . And it is shipped 
by a truck. The alarm device 19 is provided in the carrier 
section 102 of such a printing machine. 

This alarm device 19 is used for outputting an 
alarm in response to a signal from the rotational phase 
difference detecting system 15 . That is , the alarm device 
19 receives a signal from the rotational phase difference 
detecting system 15, when the rotational phase difference 
deciding section 17 decides that a rotational phase 
difference between the printing rolls 11 and 13 has reached 
a predetermined value (threshold value) or greater and 
therefore decides that there is a possibility of printing 
trouble . If it receives a signal from the rotational phase 
difference detecting system 15 , the alarm device 19 outputs 
an alarm. As the alarm, a light can be turned on, or on 
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and off , or an alarm can be sounded, or an alarm can be 
displayed* 

The machine operating- state monitoring system 
of this embodiment is constructed as described above, so 
a machine operating- state monitoring method is carried 
out by the monitoring system as follows : 

In the measuring section 5 of the rotational 
phase difference detecting system 15, the reference mark 
(first mark) 12 provided on the first printing roll (first 
rotating body) 13 is detected by the mark sensor 4, and 
at the same time, the image processing mark (second mark) 
10 provided on the second printing roll (second rotating 
body) 11 is imaged by the CCD camera (first camera) 2 
(imaging step). 

In the case where the measuring section 5 is 
constructed like the second embodiment (see Fig. 2), the 
reference mark (first mark) 12 provided on the first 
printing roll (first rotating body) 13 is detected by the 
mark sensor 4, and at the same time, the image processing 
mark (second mark) 10 provided on the second printing roll 
(second rotating body) 11 is imaged by the CCD camera (first 
camera) 2, and furthermore, the image processing mark 
(third mark) 40 provided on the printing roll 13 is imaged 
by the CCD camera (second camera) 42 (imaging step). 

Next, the rotational phase difference 
calculating section 16 of the rotational phase difference 
detecting system 15 calculates a rotational phase 



difference between the printing rolls 11 and 13, based 
on information on the image processing mark 10 imaged by 
the measuring section 5 (positional information in the 
case where an image signal is developed on memory: based 
on this positional inf ormation, an image is displayed on 
the monitor screen of the display section 18) . This step 
is referred to as a rotational phase difference calculating 
step. That is, the rotational phase difference 
calculating section 16 calculates a rotational phase 
difference between the printing rolls 11 and 13, based 
on the positional information of the image processing mark 
10 imaged with the measuring section 5. 

More specifically, the rotational phase 
difference calculating section 16 calculates a rotational 
phase difference between the printing rolls 11 and 13, 
based on the positional information (detected-position 
information) of the detected position 9 of the image 
processing mark 10 imaged by the measuring section 5, and 
the positional information (reference-position 
information) of the reference position 8 of the image 
processing mark 10 being previously set. 

In the case where the measuring section 5 is 
constructed like the second embodiment (see Fig. 2), the 
rotational phase difference calculating section 16 
calculates a rotational phase difference between the 
printing rolls 11 and 13, based on the positional 
information (detected-position information) of the 
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detected position 9 of the image processing mark 10 imaged 
by the measuring section 5 , and the positional information 
( reference-position information ) of the detected position 
(reference position 8) of the image processing mark 40 
imaged by the measuring section 5. 

In this embodiment, the rotational phase 
difference calculating section 16 calculates a rotational 
phase difference between the printing rolls 11 and 13, 
each time the mark sensor 4 detects the reference mark 
12 (i.e., each time the mark sensor 4 detects both the 
image processing mark 10 and the reference mark 12). 

Next, the rotational phase difference deciding 
section 17 of the rotational phase difference detecting 
system 15 decides whether or not the rotational phase 
difference between the printing rolls 11 and 13 , calculated 
in the rotational phase difference calculating step, is 
a predetermined value or greater (rotational phase 
difference deciding step) . 

Next, the rotational phase difference deciding 
section 17 outputs a signal to the display section 18 or 
the alarm device 19 of the carrier section 102 when it 
decides that a rotational phase difference between the 
printing rolls 11 and 13 is a predetermined value or greater 
(signal output step). 

In response to the signal from the rotational 
phase difference deciding section 17, the alarm device 
19 of the carrier section 102 outputs an alarm ( alarm output 
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step) . 

Therefore, according to the machine 
operating- state monitoring system and method of this 
embodiment, an alarm is output from the alarm device 19 
of the carrier section 102 when a rotational phase 
difference between the printing rolls 11 and 13 is a 
predetermined value or greater. Thus, the machine 
operator does not need to always monitor whether or not 
printing trouble has developed. When an alarm is output, 
in the carrier section 102 printing paper (print) having 
a possibility of printing trouble such as double, 
out-of -register , etc., is picked up and it is decided 
whether or not it can be shipped. In the case where a 
print has such printing trouble as cannot be shipped, the 
print can be discriminated and excluded. Thus, there is 
an advantage that operator's labor can be lessened. 

In addition, since the alarm device 19 of the 
carrier section 102 outputs an alarm when a rotational 
phase difference between the printing rolls 11 and 13 
reaches a predetermined value or greater, there is no 
possibility that a print with printing trouble will be 
overlooked. Thus, there is also an advantage that a print 
with printing trouble can be discriminated and excluded 
with reliability. 

Furthermore, because the alarm device 19 of the 
carrier section 102 outputs an alarm when a rotational 
phase difference between the printing rolls 11 and 13 
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reaches a predetermined value or greater, the machine 
operator can recognize that the rotational phase 
difference between the printing rolls 11 and 13 has reached 
a predetermined value or greater. Thus, as it is found 
that the cause of the printing trouble is a rotational 
phase difference developing between the printing rolls 
11 and 13, it becomes possible to take a quick and 
appropriate measure . 

(Explanation of a Modification of the Machine 
Operating-State Monitoring System and Method) 

A machine operating- state monitoring system and 
method according to a modification of the aforementioned 
embodiment will be described with reference to Fig. 7. 

While the machine operating- state monitoring 
system of the aforementioned embodiment is constructed 
so that it monitors an operating state of a machine at 
a factory side, the machine operating- state monitoring 
system of the modified embodiment is constructed so that 
it can monitor an operating state of a machine at a remote 
place. 

For this reason, the machine operating- state 
monitoring system is equipped with a factory- side system 
105 and a remote-side system 107, as shown in Fig. 7. The 
factor- side system 105 has a rotational phase difference 
detecting system 15, an M/C operation control panel 103, 
and an interface ( transmission-receptionmeans ) 104, while 
the remote-side system 107 has an interface 



( transmission-reception means ) 108 and a rotational phase 
difference deciding section (rotational phase difference 
deciding means) 109, The factory-side system 105 and the 
remote- side system 107 are connected through a transfer 
medium 106 so that they can communicate with each other. 

The rotational phase difference detecting 
system 15 in the factory-side system 105 is equipped with 
a measuring section (measuring means) 5 including a 
microlens 1 , a CCD camera 2 , and a mark sensor 4 ; a rotational 
phase difference calculating section (rotational phase 
difference calculating means) 16; and a display section 
(display means) 18. Note that the measuring section 5, 
the rotational phase difference calculating section 16, 
and the display section 18 are also constructed the same 
as those of the aforementioned embodiments . 

The transfer medium 106 refers to a 
communication line, such as a telephone line, an Internet 
line, etc. , for example, in the case of wire communication 
and also refers to a carrier wave , such as an electromagnetic 
wave, etc. , in the case of wireless communication 
(including wireless communication that utilizes 
artificial satellites). 

Note that the transfer medium 106 is not limited 
particularly to the aforementioned media, because it will 
be satisfied if it can be employed as communication means 
between the factory-side system 105 and the remote-side 
system 107. It may be any medium, as long as it sends 
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a signal between the factory- side system 105 and the 
remote-side system 107. 

The rotational phase difference deciding 
section 109 of the remote-side system 107 is constructed 
the same as the rotational phase difference deciding 
section 17 of the rotational phase difference detecting 
system 15 of the above-mentioned embodiment. 

The machine operating- state monitoring system 
according to the modified embodiment is constructed as 
described above, so an operating-state of a machine can 
be monitored by the following method- 

In the measuring section 5 of the rotational 
phase difference detecting system 15, as with the 
above-mentioned embodiment, the reference mark (first 
mark) 12 provided on the first printing roll ( first rotating 
body) 13 is detected by the mark sensor 4, and at the same 
time, the image processing mark (second mark) 10 provided 
on the second printing roll (second rotating body) 11 is 
imaged by the CCD camera (first camera) 2 (imaging step) . 

In the case where the measuring section 5 is 
constructed like the second embodiment (see Fig. 2), the 
reference mark (first mark) 12 provided on the first 
printing roll (first rotating body) 13 is detected by the 
mark sensor 4, and at the same time, the image processing 
mark (second mark) 10 provided on the second printing roll 
(second rotating body) 11 is imaged by the CCD camera (first 
camera) 2, and furthermore, the image processing mark 



(third mark) 40 provided on the printing roll 13 is imaged 
by the CCD camera (second camera) 42 (imaging step). 

Next, the rotational phase difference 
calculating section 16 of the rotational phase difference 
detecting system 15 calculates a rotational phase 
difference between the printing rolls 11 and 13, based 
on information on the image processing mark 10 imaged by 
the measuring section 5 (positional information in the 
case where an image signal is developed on memory: based 
on this positional information, an image is displayed on 
the monitor screen of the display section 18) . This step 
is referred to as a rotational phase difference calculating 
step. That is, the rotational phase difference 
calculating section 16 calculates a rotational phase 
difference between the printing rolls 11 and 13, based 
on the positional information of the image processing mark 
10 imaged with the measuring section 5. 

More specifically, the rotational phase 
difference calculating section 16 calculates a rotational 
phase difference between the printing rolls 11 and 13, 
based on the positional information (detected-position 
information) of the detected position 9 of the image 
processing mark 10 imaged by the measuring section 5, and 
the positional information (reference-position 
information) of the reference position 8 of the image 
processing mark 10 being previously set. 

In the case where the measuring section 5 is 
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constructed like the second embodiment (see Fig. 2) , the 
rotational phase difference calculating section 16 
calculates a rotational phase difference between the 
printing rolls 11 and 13, based on the positional 
information (detected-position information) of the 
detected position 9 of the image processing mark 10 imaged 
by the measuring section 5, and the positional information 
(reference-position information) of the detected position 
(reference position 8) of the image processing mark 40 
imaged by the measuring section 5 . 

In the modified embodiment , the rotational phase 
difference calculating section 16 calculates a rotational 
phase difference between the printing rolls 11 and 13, 
each time the mark sensor 4 detects the reference mark 
12 (i.e., each time the mark sensor 4 detects both the 
image processing mark 10 and the reference mark 12). 

Next, information on the rotational phase 
difference (rotational phase difference information) 
detected by the rotational phase difference detecting 
system 15 of the factory-side system 105 is input to the 
M/C operation control panel 103. The rotational phase 
difference information is transmitted to the rotational 
phase difference deciding section 109 of the remote- side 
system 107 through the interface 104 of the factory- side 
system 105, the transfer medium 106, and the interface 
108 of the remote-side system 107 (rotational phase 
difference transmitting step). 



Based on the rotational phase difference 
information between the printing rolls 11 and 13, the 
rotational phase difference deciding section 109 of the 
remote-side system 107 decides whether or not the 
rotational phase difference between the printing rolls 
11 and 13 is a predetermined value or greater (rotational 
phase difference deciding step) . 

When, as a result of this decision, it is decided 
that the rotational phase difference between the printing 
rolls 11 andl3has reached a predetermined value or greater , 
it is decided that there is a possibility of printing trouble 
such as double, out -of -register , etc. Therefore, the 
rotational phase difference deciding section 109 of the 
remote- side system 107 transmits a signal (which 
represents abnormality) to the factory- side system 105 
through the interface 108 of the remote-side system 107, 
the transfer medium 106, and the interface 104 of the 
factory-side system 105 (signal transmission step). 

The signal from the rotational phase difference 
deciding section 109 of the remote-side system 107 is input 
to the M/C operation control panel 103 of the factory-side 
system 105 and is sent from the M/C operation control panel 
103 to the display section 18 . As a result , it is displayed 
on the display screen of the display section 18 that there 
is a possibility of printing trouble (display step) . 

When such display is performed, in the carrier 
section 102 of the printing machine the machine operator 
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picks up printing paper (print) having a possibility of 
printing trouble such as double, out -of -register , etc., 
and then decides whether or not it can be shipped. In 
the case where the print has such printing trouble as cannot 
be shipped, the print is excluded. 

In the modified embodiment, the signal from the 
rotational phase difference deciding section 109 of the 
remote-side system 107 is sent to the display section 18 
of the rotational phase difference detecting system 15, 
and it is displayed on the display section 18 that there 
is a possibility of printing trouble . However, the present 
invention is not limited to this arrangement . As in the 
aforementioned embodiments, the carrier section 102 may 
be provided with an alarm device (alarm means) so that 
the signal from the rotational phase difference deciding 
section 109 of the remote-side system 107 is also sent 
to the alarm device. The alarm device in the carrier 
section 102 may output an alarm. 

In this case, an alarm is output from the alarm 
device provided in the carrier section 102. Therefore, 
the machine operator is able to pick up printing paper 
(print) having a possibility of printing trouble such as 
double, out -of -register , etc. , decide whether or not the 
print can be shipped, and, when it is decided that it has 
such printing trouble as cannot be shipped, exclude the 
print . 

Therefore, the machine operating- state 



monitoring system and method according to the modified 
embodiment have the same advantages as the aforementioned 
embodiments and, even in the case where it is difficult 
to monitor an operating state of a machine at a factory 
side , also has the advantage that it can monitor an operating 
state of a machine. 

In the modified embodiment, the monitoring 
system is provided with the rotational phase difference 
detecting system 15 of the factory-side system 105; the 
rotational phase difference calculating section 16 of the 
rotational phase difference detecting system 15 calculates 
a rotational phase difference between the printing rolls 
11 and 13; and the calculated rotational phase difference 
is transmitted to the remote-side system 107. However, 
information on the image processing mark 10, detected by 
the microlens 1 and CCD camera 2 of the rotational phase 
difference detecting system 15, may be transmitted to the 
remote-side system 107 so that a rotational phase 
difference between printing rolls can be calculated at 
the side of the remote-side system 107. In this case, 
the remote- side system 107 needs to have the rotational 
phase difference calculating section 16. 

In addition, in the aforementioned embodiments 
and modified embodiment, a rotational phase difference 
between printing rolls is first calculated; then it is 
decided whether or not the calculated rotational phase 
difference is a predetermined value or greater; and when. 
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as a result of this decision, the rotational phase 
difference is a predetermined value or greater, it is 
displayed on the display section 18 of the rotational phase 
difference detecting system 15 that there is a possibility 
of printing trouble. However, the present invention is 
not to be limited to these embodiments. For instance, 
a rotational phase difference between printing rolls may 
be calculated by the rotational phase difference 
calculating section, and the calculated rotational phase 
difference may be displayed on the display section 18 in 
a time -series manner. 

If the rotational phase difference is displayed 
on the display section 18 in the aforementioned manner, 
the machine operator can obtain information on the 
rotational phase difference beforehand by viewing a value 
of the rotational phase difference, or a change in the 
rotational phase difference, displayed on the display 
section 18. Based on the information, in the carrier 
section 102 the machine operator is able to pick up printing 
paper (print) having a possibility of printing trouble 
such as double, out -of -register , etc. , decide whether or 
not the print can be shipped, and, when it is decided that 
it has such printing trouble as cannot be shipped, 
discriminate and exclude the print. Therefore, 
operator's labor can be reduced compared with the 
conventional method in which the machine operator always 
monitors whether or not printing trouble has developed 
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and arbitrary extracts samples to decide whether or not 
printing trouble has developed. 

The machine operator is also able to reliably 
discriminate and exclude a print having printing trouble 
without overlooking the print, because he or she is able 
to obtain information on the rotational phase difference 
beforehand. 

The machine operator is further able to take 
a quick and appropriate measure, because he or she is able 
to obtain information on the rotational phase difference 
beforehand and find that the cause of printing trouble 
is the rotational phase difference between the printing 
rolls 11 and 13. 

While the present invention has been described 
with reference to the case where a rotational phase 
difference between a plurality of printing rolls is 
detected, the invention is not to be limited to the detection 
of a rotational phase difference between printing rolls, 
but is also applicable to the case where a rotational phase 
difference between rotating bodies, such as rotary disks, 
rotating drums, etc., is detected. 

Although the present invention has been 
described with a certain degree of particularity, it is 
understood that the present disclosure has been made only 
by way of example and that numerous changes in the details 
of the construction and the combination and arrangement 
of the parts may be made without departing from the scope 
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of the invention hereinafter claimed. 

INDUSTRIAL APPLICABILITY 

The rotational phase difference detecting 
system and method and the rotational phase difference 
monitoring system and method of the present invention are 
useful to detect a rotational phase difference between 
rotating bodies such as printing rolls, rotary disks, 
rotating drums, etc., and are particularly suitable to 
be employed in offset rotary printing machines where color 
printing is performed by transferring color inks with color 
printing rolls and superposing respective colors . 



